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STREPTOCOCCUS UBERIS ADHESION MOLECULE 

This application claims the priority of pending U.S. 
Provisional Patent Application Serial No. 60/429,499, filed on 
November 26, 2 0 02, which application is incorporated herein by 
reference . 

5 The invention was developed in part by a research grant 

from the United States Department of Agriculture and the U.S. 
government may therefore have certain rights to the invention. 

Field of the Invention 

The invention pertains generally to the field of 
10 antigenic proteins and polypeptides. Specifically, the 
invention pertains to the field of polypeptides that are 
useful to diagnose the presence of an infection and to elicit 
an immune response against a bacterial pathogen, especially 
streptococcal pathogens. 

15 Background of the Invention 

Streptococcus is a genus of bacteria that causes disease 
in humans and other animals. In humans, one of the most 
important streptococcal pathogens is Streptococcus pyogenes, 
the causative organism of strep throat, scarlet fever, and 



rheumatic fever. In cattle, streptococcal infections are a 
significant cause of disease, such as mastitis. 

Mastitis affects virtually every dairy farm and has been 
estimated to affect 38% of all cows. The disease causes 
destruction of milk-synthesizing tissues which reduces milk 
production and alters milk composition. In severe cases, the 
productive performance of dairy cattle may be diminished 
permanently. Thus, mastitis continues to be the single 
greatest impediment to profitable dairy production. Losses 
associated with mastitis cost American dairy producers about 2 
billion dollars per year and cost dairy producers worldwide an 
estimated 25 billion dollars per year. 

Current mastitis control programs devised in the 1960's 
are based primarily on hygiene including teat disinfection, 
antibiotic therapy and culling of chronically infected cows. 
Acceptance and application of these measures has led to 
considerable progress in controlling contagious mastitis 
pathogens such as Streptococcus agalactiae and Staphylococcus 
aureus. However, postmilking teat disinfection and antibiotic 
dry cow therapy have been less effective against environmental 
mastitis pathogens. Studies have shown that as the prevalence 
of contagious mastitis pathogens was reduced, the proportion 
of intramammary infections (IMI) by environmental pathogens 
increased markedly. 



Therefore, it is not surprising that environmental 
mastitis has become a major problem in many well-managed dairy 
farms that have successfully controlled contagious pathogens. 
In these herds, environmental streptococci account for a 
significant number of both subclinical and clinical IMI in 
lactating and nonlactating cows. Environmental Streptococcus 
species involved in bovine mastitis include Streptococcus 
uberis, Streptococcus dysgalactiae subsp. dysgalactiae, 
Streptococcus equinus (formerly referred to as Streptococcus 
bovis) , Streptococcus equi , Streptococcus parauberis and 
Streptococcus canis. Among the environmental streptococci, S. 
uberis and S. dysgalactiae subsp. dysgalactiae appear to be 
the most prevalent, infecting mammary glands as favorable 
conditions arise. 

In spite of the economic impact caused by the high 
prevalence of environmental streptococci in many well-managed 
dairy herds, virulence factors associated with pathogenesis of 
environmental streptococcal mastitis in dairy cows are not 
well understood. This constitutes a major obstacle for 
development of strategies to control these important mastitis 
pathogens. Consequently, strategies for controlling mastitis 
caused by environmental streptococci are poorly defined and 
currently inadequate . 

A significant need exists for effective therapies to 
combat streptococcal infections, both in domestic animals and 



in people, and for effective modalities by which the presence 
of a streptococcal infection may be definitively diagnosed. 

Survival of pathogenic microorganisms, such as 
Streptococci , has depended on the evolution of a range of 
strategies for evasion of host defenses. Associated with this 
evolution is the expression of a variety of virulence 
determinants that favor persistence of bacteria in the face of 
a massive inflammatory cell infiltration. In the case of 
bovine mastitis, it is hypothesized that adherence to and 
subsequent internalization of mastitis pathogens into mammary 
epithelial cells is an important early event in the 
establishment of new intramammary infections in lactating and 
nonlactating mammary glands of dairy cows. Virulence factors 
that favor adherence and internalization to host cells play a 
crucial role in the establishment, spread, and persistence of 
infection. During the last decade, research from our 
laboratory has focused extensively on development of in vivo 
and in vitro models to study host -pathogen interactions, and 
especially on identification and characterization of virulence 
factors associated with the pathogenesis of S. uteris 
mastitis . 

Brief Description of the Figures 

Figure 1 is a series of bar graphs showing the effects of 
antibodies directed against SUAM (A and B) and pepSUAM (C and 



D) on adherence and internalization of S. uberis into bovine 
mammary epithelial cells. 

Figure 2 is a diagrammatic representation of a proposed 
lactoferrin bridge model for adherence of Streptococcus uberis 
to bovine mammary epithelial cells. 

Figure 3 is the theoretically elucidated SUAM gene 
sequence. (Seq. ID No. 1) 

Figure 4 shows the translation of the nucleotide sequence 
of Seq. ID No. 1 in the correct reading frame. (Seq. ID No. 2) 

Figure 5 is the DNA sequence of the SUAM gene. (Seq. ID 
No. 3) 

Figure 6 shows the translation of the nucleotide sequence 
of Seq. ID No. 3 in the correct reading frame. (Seq. ID No. 
13 to Seq. No. 17) 

Description of the Invention 

In this application, the terms 11 Streptococcus uberis 
Adhesion Molecule" or "SUAM" is preferably used although the 
terms "Streptococcus Lactof errin-binding Protein", 
"Lactoferrin Binding Protein" and "LBP" are also used to refer 
to the same polypeptide. The terms "Streptococcus uberis 
Adhesion Molecule" and "SUAM" are preferred so as not to 
confuse the polypeptide of the present invention with the 
protein identified as "Streptococcus uberis Lactof errin- 
Binding Protein" in Jiang et al . , WO 98/21231. The Jiang 
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protein is a different protein than the SUAM of the present 
invention. Protein-nucleic acid TBLASTN (National Center for 
Biotechnology Information) and Swissprot amino acid data bank 
were used to align the SUAM N-terminal amino acid sequence 
5 with previously sequenced genes and proteins including S. 
uteris LBP described by Jiang et al . No similarities were 
found, thus indicating that the SUAM bacterial protein of the 
invention is novel. 

Recently, it has been shown that S. uberis binds to 

10 purified bovine milk lactoferrin (LF) and that at least two 
proteins from S. uberis were involved in this binding. Fang 
and Oliver, FEMS Microbiol. Lett., 176:91 (1999). It has 
further been shown that LF appears to function as a bridging 
molecule between S. uberis and bovine mammary epithelial 

15 cells, facilitating adherence of this mastitis pathogen to 
host cells. Fang, et al . , American Journal of Veterinary 
Research, 61:275 (2000). This research indicates that the S. 
uberis proteins that bind to LF influence adherence of S. 
uberis to mammary epithelial cells and internalization of S. 

2 0 uberis into bovine mammary epithelial cells. 

Further research in our laboratory has provided the 
following discoveries. 

(1) A 112 kDA protein from S. uberis that binds to LF was 
isolated and purified and an N-terminal amino acid sequence of 

25 this 112 kDa protein was determined. The sequence is that of a 
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novel protein, which is referred to herein as Streptococcus 
uberis Adhesion Molecule or SUAM. 

(2) SUAM-like proteins were identified in other 
Streptococci, including Streptococcus dysgalactiae subsp. 

5 dysgalactiae and Streptococcus agalactiae. 

(3) The SUAM-like proteins produced by S. dysgalactiae 
subsp. dysgalactiae bind to bovine LF in a manner similar to 
that which occurs with S. uJberis. 

(4) Antibodies against SUAM (whole protein) and to a 

10 synthetic peptide (pepSUAM) encompassing 15 amino acids near 
the N- terminus of SUAM have been produced. 

(5) These antibodies cross-react with homologous proteins 
present in other strains of S. uberis demonstrating that SUAM 
was produced by all strains of S. uberis evaluated. 

15 (6) Anti-pepSUAM and anti-SUAM antibodies cross-react 

with other streptococcal pathogens, including S. agalactiae, 
S. dysgalactiae subsp. dysgalactiae, and Streptococcus 
pyogenes . 

(7) Antibodies directed against pepSUAM or SUAM inhibit 
2 0 adherence of S. uberis to, and internalization of S. uberis 

into, bovine mammary epithelial cells. This establishes that 
pepSUAM and SUAM are biologically active and are involved in 
adherence to and internalization of S. uberis into bovine 
mammary epithelial cells, indicating the importance of SUAM as 
2 5 a significant S. uberis virulence factor. 
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(8) A theoretical DNA sequence of SUAM was determined and 
confirmed by PCR and restriction digests. 

(9) The "true" DNA sequence encoding for SUAM was 
elucidated and found to have 99% homology to the theoretically 

5 elucidated SUAM DNA. 

It is conceived that this single virulence factor (SUAM) 
plays a critical role in the pathogenesis of streptococcal 
mastitis by facilitating bacterial adherence to bovine mammary 
epithelial cells. It is conceived that S. uteris expresses 

10 SUAM and uses LF in milk and/or on the epithelial cell surface 
to adhere to mammary epithelial cells. It is further 
conceived that antibodies that bind to SUAM or pepSUAM may be 
used to diagnose infections due to S. uberis or other 
streptococci or to treat infections due to S. uberis or other 

15 streptococci. It is further conceived that nucleic acid 
sequences that encode SUAM or pepSUAM may be used 
diagnostically or in the production of anti-streptococcal 
vaccines. It is further conceived that the SUAM and pepSUAM 
polypeptides of the invention may be used to in the production 

20 of antisera or vaccines to combat diseases due to S. uberis or 
other streptococci . 

In one embodiment, the invention is a polypeptide 
comprising an amino acid sequence of at least 6 sequential 
amino acids of pepSUAM (MTTADQSPKLQGEEA) , designated herein as 

2 5 Seq. ID No. 4, wherein an antibody that binds to the 
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polypeptide inhibits adherence to and/or internalization of S. 
uberis into bovine mammary epithelial cells. For example the 
6 sequential amino acids of the polypeptide of the invention 
may be amino acids 1 to 6, 2 to 7, 3 to 8, 4 to 9, 5 to 10, 6 
5 to 11, 7 to 12, 8 to 13, 9 to 14, or 10 to 15 of Seq. ID No. 4 
pepSUAM. 

Preferably, the polypeptide of this embodiment of the 
invention comprises an amino acid sequence of more than 6 
sequential amino acids of pepSUAM of Seq. ID No. 4, for 

10 example, 7, 8, 9, 10, 11, 12, 13, 14 sequential amino acids, 
or the entire 15 amino acid sequence of Seq. ID No. 4. The 
polypeptide of the invention may further contain additional 
amino acids to the amino terminal or carboxy terminal sides of 
the sequence that is a portion or all of pepSUAM. For 

15 example, the polypeptide of the invention may contain at its 
amino terminal end the amino acids DD, which are present at 
the amino terminal end of full-length SUAM. 

The polypeptide may be used to elicit antibodies which 
may be used to diagnose infections due to SUAM-expressing 

2 0 organisms such as Streptococcus, like S. uberis. The 

polypeptide may also be used to elicit an immune response in 
an animal or human that is susceptible to infection by an 
organism that contains a surface antigen that will bind to an 
antibody that binds to the polypeptide of the invention. 

2 5 Thus, the polypeptide of the invention may be useful as a 
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vaccine against infection due to Streptococcus , such as S. 
uteris, S. pyogenes, S. agalactiae, or S. dysgalactiae . 

In another embodiment, the invention is an isolated SUAM 
protein preferably having the amino acid sequence shown in 
5 Figure 4 or Figure 6 and designated herein as Seq. ID No. 2 or 
Seq. ID No. 15, respectively. 

In another embodiment, the invention is a polypeptide 
derived from SUAM protein, which may be isolated by the method 
described below and which comprises the sequence of amino 

10 acids MTTADQSPKLQGEEA, Seq. ID No. 4. 

The invention also includes polypeptides that are 
substantially homologous with the pepSUAM polypeptide or SUAM 
protein and polypeptides derived therefrom, as described 
above. As used in this context, the term "substantially 

15 homologous" means that the amino acid sequence shares at least 
50%, such as at least 60%, preferably at least 70%, more 
preferably at least 80%, and most preferably at least 90% 
amino acid identity with the pepSUAM or SUAM protein or 
polypeptides derived therefrom and wherein an antibody that 

2 0 binds to the polypeptide inhibits the adherence and/or the 
internalization of S. uberis to bovine mammary epithelial 
cells . 

In another embodiment, the invention is an antibody that 
selectively binds to an amino acid sequence of any 6 to 15 
25 sequential amino acids of pepSUAM, as described above. 
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Preferably, the antibody inhibits the adherence and/or the 
internalization of S. uteris to bovine mammary epithelial 
cells. The antibody may be a monoclonal or polyclonal 
antibody and may be used diagnostically or therapeutically. 
5 In another embodiment, the invention is an antibody that 

selectively binds to the SUAM polypeptides or proteins of the 
invention. Preferably, the antibody inhibits the adherence 
and/or the internalization of S. uteris to bovine mammary 
epithelial cells. The antibody may be a monoclonal or 

10 polyclonal antibody and may be used diagnostically or 
therapeutically. 

In another embodiment, the invention is an isolated 
nucleic acid sequence that encodes the pepSUAM polypeptide. 
Preferably, the nucleic acid sequence comprises the sequence 

15 shown in underline and in bold in Figure 3, and designated 
Seq. ID No. 5 : 

ATGACAACTGCTGATCAATCACCTAAATTACAAGGTGAAGAAGCA. 
In another embodiment, the invention is an isolated 
nucleic acid sequence that encodes the SUAM protein. 

20 Preferably, the nucleic acid sequence comprises either of the 
sequence shown in Figures 3 or 5, designated Seq. ID No. 1 and 
Seq. ID No. 3, respectively. More preferably, the nucleic 
acid sequence comprises the sequence from nucleotide 317 to 
nucleotide 2836 of Seq. ID No. 1 or from nucleotide 289 to 

25 nucleotide 2808 of Seq. ID No. 3. Most preferably, the 
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nucleic acid sequence comprises the sequence from nucleotide 
311 to nucleotide 2836 of Seq. ID No. 1 or nucleotide 283 to 
nucleotide 2808 of Seq. ID No. 3. 

Also included in the isolated nucleic acid sequences of 
the invention is a nucleic acid sequence that will hybridize 
under highly stringent conditions, for example at 3 X SSC at 
65 °C and preferably at 6 X SSC at 65 °C, to the complement of 
the above specifically described nucleic acid sequences. 

In another embodiment, the invention is a method for 
immunizing an animal or human with an antigen against a 
bacterial organism. In accordance with the method of the 
invention, the polypeptide of the invention or the SUAM 
polypeptide is administered to an animal or human subject by 
any suitable means such as by injection or intramammary 
infusion and the subject is thereby caused to produce 
antibodies that selectively bind thereto, which antibodies 
inhibit bacteria that bind to lactoferrin from adhering and/or 
internalizing to cells and/or enhance clearance of bacterial 
pathogens. In this way, the ability of the microorganism to 
cause disease is reduced. 

In another embodiment, the invention is a primer selected 
from the group of 

(a) 5'- GTC ATT TGG TAG GAG TGG CTG - 3', (Seq. ID No 6) 

(b) 5'- TGG TTG ATA TAG CAC TTG GTG AC - 3\ (Seq. ID No 

7) 



(c) 



5'- 



GGA TGA CAT GAC AAC TGC TGA TC - 3', 



(Seq. ID No 



8) 



(d) 



5'- 



CAA TTG TCA GCA CGT CTC TGT AC - 3', 



(Seq. ID No 



9) 



5 



(e) 



5'- 



CTT GGA ACT GGT GTT GGT ATG G - 3', 



(Seq. ID No 



10) , and 

(f) 5'- CAG GTG TTA CTT CAG GTG CTA C - 3\ (Seq. ID No 

11) 

Preferably, the primers are grouped in pairs with primers 
10 (a) and (b) being paired as a forward and reverse PCR primer, 
respectively, primers (c) and (d) being paired as a forward 
and reverse PCR primer, respectively, and primers (e) and (f) 
being paired as a forward and reverse PCR primer, 
respectively . 

15 The primers and primer pairs of the invention are useful, 

for example, in identifying microorganisms that produce SUAM 
or a polypeptide molecule having a high degree of homology to 
SUAM, such as 7 0% or more homology. As such, the primers of 
the invention may be used to diagnose the presence of an 

20 infection with a SUAM polypeptide, or SUAM-like polypeptide, 
producing microorganism. It is conceived that an animal or 
human patient that is diagnosed in this manner may be treated 
with administration of the polypeptide of the invention to 
induce an immune response against such microorganism. 
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Following is a list of possible applications of various 
embodiments of the invention. This list is not intended to be 
all inclusive as those skilled in the art will understand that 
additional uses exist for the invention. 

I. Antibodies to SUAM and pepSUAM 

A . Commercial use 
Diagnostic 

Microbiology: immuno- fluorescence, card- test for preliminary 
confirmation (including cow-side rapid tests using milk from 
cows with mastitis) 

Serology: Agglutination/precipitation tests (cow-side rapid 
tests) , ELISA 

Diagnostic enrichment of bacteria from crude samples 
Treatment / Prevent ion 

Therapy for cows with mastitis ( systemic/ intramammary) 
Prevention for new cows introduced to a farm with history of 
S. uteris infection 

Intramammary preparations for cows near parturition 

B. Research use 

1. Isolation/purification of SUAM 

2 . In vitro pathogenicity assays 

3. Recombinant protein expression (monitoring and isolation) 

4. Mutant detection 

5 . Immuno-histochemistry 

6. Western blot 

7. Immunoprecipitation for protein/protein interaction studies 

8. Steric inhibition studies 

II. SUAM PROTEIN 

A. Commercial use 

1. Vaccine production 

2. Antisera production 

3 . Protein as antigen component of multivalent vaccine 

B. Research use 

1. Antisera production 

2. Experimental vaccination studies 

3. Protein as antigen component of multivalent vaccine 

4. Protein as ligand in affinity purification of bovine 
lactof errin 

III. pepSUAM 

A. Commercial use 

1. Vaccine production 

2. Antisera production 
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3. Peptide as antigen component of multivalent vaccine 

4. Peptide as competitive inhibitor of adhesion/invasion in 
intramammary preps 

B. Research use 
5 1. Antisera production 

2. Experimental vaccination studies 

3. Peptide as component of multivalent vaccine 

4. Peptide as ligand in affinity purification of Bovine 
Lactof errin 

10 IV. SUAM DNA SEQUENCE 

A. Commercial use 
Diagnostic 

1 . Probes 

2. PCR (alternative primers design) 

15 3. Cow-side rapid test (i.e., cantilever) 

Prevention of mastitis 

1. Recombinant expression for vaccine production (baculo-virus 
cloning and expression) 

2. DNA vaccines (cloning into retro-virus vectors or 

2 0 Agrobacterium tumefaciens) 

3. Cloning and expression in vitro for vaccine production 

B. Research use 

1 . Probes 

2. PCR (alternative primers design) 

25 3. Real time PCR for selection and identification of strains 

4. DNA microarrays/dif ferential display (to identify and study 
factors that enhance or repress SUAM expression) 

5. Site directed mutagenesis 

6. Production of avirulent carrier strain for this or any 

3 0 other expressed protein vaccine. 

V . SUAM PCR PRIMERS 

A. Commercial use 
Diagnostic 

1. PCR amplification products detected by any means 
35 2. Real time PCR (taq-man, beacons, etc.) 

3 . Probes 

B. Research use 

1. PCR Detection 

2. Real time PCR (taq-man, beacons, etc.) 

40 3. Probes for southerns, reverse transcriptase protection 
assays, etc. 

4. Cloning and expression 



The invention is further illustrated in the following 
non- limiting examples . 

Example 1 Identification of Streptococcus uberis lactoferrin- 
binding proteins (prior art) , (described in Fang, 
W., and S. P. Oliver, FEMS Microbiol. Lett. 176:91) 
(1999) 

Experiments were conducted to examine binding of 
lactoferrin (LF) by strains of S. uberis causing bovine 
mastitis and to identify proteins from the bacteria involved 
in LF-binding. Four strains of S. uberis isolated originally 
from dairy cows with mastitis and S. uberis ATCC13387 
(American Type Culture Collection, Rockville, MD) were 
evaluated. After growth, bacterial cultures were washed and 
split into two equal portions: one for incubation in milk and 
the other in phosphate buffered saline (PBS) (as controls) . 
Bacterial surface proteins from pellets were extracted using 
0.2% sodium dodecyl sulfate (SDS) and electrophoresed . Gels 
were silver-stained or transferred onto nitrocellulose 
membranes for immunoblotting using rabbit ant i -bovine LF 
antibody and HRP (horseradish peroxidase) -conj ugated donkey 
ant i -rabbit IgG antibody as probes. 

Biotin-avidin-based binding assay (BABA) and ELISA-based 
binding assay were carried out on immobilized S. uberis 
microplates. LF from bovine milk and transferrin (TF) from 
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bovine plasma were biotinylated. For the BABA assay, serial 
2 -fold dilutions of biotinylated LF were added into microplate 
wells, incubated, washed, and probed with HRP-NeutrAvidin . 
The ELISA-based assay was essentially the same as BABA except 
5 that serial 2-fold dilutions of unlabelled LF were substituted 
for biotinylated LF . Rabbit ant i -bovine LF antibody and HRP- 
conjugated donkey ant i -rabbit IgG antibody were used as 
probes. Inhibition of LF-binding by unlabelled LF, TF, 
mannose, galactose, and lactose were also tested using BABA 
10 and ELISA. 

Polypeptides that bound to LF were identified by SDS-PAGE 
and western blot analysis of bacterial surface proteins. 
Blots were probed sequentially with LF, rabbit anti-bovine LF 
antibody, and HRP-conj ugated donkey anti-rabbit IgG antibody. 

15 At least two proteins in each strain of S. uteris were 

identified as lactof errin-binding proteins. These included 52 
and -112 kDa bands in 4 of 5 strains evaluated. One strain of 
S. uteris did not have the 112 kDa protein band, however, this 
strain produced a higher molecular weight protein (134 kDa) 

2 0 which also bound to LF. 

The microplate-based assay systems demonstrated that S. 
uteris bound to purified LF. These studies provided evidence 
that S. uteris binds to LF in milk and that at least two 
proteins from S. uteris surface molecules are involved in LF- 

2 5 binding. 
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Example 2 Effect of lactoferrin on adherence of Streptococcus 
uberis to bovine mammary epithelial cells (prior 
art) (described in Fang, W., R. A. Almeida, and S. 
P. Oliver, Am. J. Vet. Res. 61:275) (2000) 
A series of experiments were conducted to determine 
effects of LF on adherence of S. uberis to mammary epithelial 
cells. Three strains of S. uberis were used. In the first 
experiment, we investigated the effect of LF on adherence of 
S. uberis to bovine mammary epithelial cells. Sterile LF in 
Dulbecco's Modified Eagle Medium (DMEM) or milk (0.5 ml) and 
0.5 ml of bacterial suspension containing 1-2 x 10 8 cfu/ml in 
DMEM were added to bovine mammary epithelial cell line (MAC-T) 
monolayers. Final concentrations for LF were 0, 0.01, 0.1 and 
1 mg/ml. Those for milk were 0, 12.5%, 25% and 50%. Bacteria 
were allowed to adhere to MAC-T cells and supernatants were 
then aspirated and diluted for bacterial counting. Monolayers 
were washed and lysed, and cell lysates were 10 -fold diluted 
for bacterial counting. Streptococcus uberis cultures were 
also pretreated with LF (1 mg/ml) or milk (100%) for 1 h. 
Bacterial suspensions in PBS (without LF or milk) were 
included as controls. Bacteria were then washed and adjusted 
to 1-2 x 10 8 cfu/ml for adherence assays. 

To test the effect of anti -bovine LF antibody on 
adherence, a S. uberis strain was pretreated with LF or milk 



as described above and examined for its adherence to MAC-T 
cells in presence of different dilutions of rabbit anti-bovine 
LF antibody. For the microscopic adherence assay, strains of 
£. uteris were labeled with fluorescein isothiocyanate (FITC) . 
FITC-labeled bacteria were resuspended in DMEM. Sterile LF in 
DMEM (0.15ml) and FITC labeled bacteria (0.15ml) were added to 
wells of chamber slides containing confluent MAC-T cell 
monolayers. After incubation, bacterial supernatants were 
removed, and slides were washed and examined microscopically. 

All strains of S. uteris evaluated bound to LF in milk 
and to purified LF . LF and milk enhanced adherence of S. 
uteris to MAC-T cells when present in the test medium (P<0.05- 
0.01) except for one strain of S. uteris. Pretreatment of 
bacteria with LF and milk increased adherence of one strain of 
S. uteris (P<0.01), but not the other two strains. It is 
conceived that differences between LF or milk pretreatment and 
presence of LF or milk in the medium could partially account 
for the different results. Because LF is synthesized and 
secreted by mammary epithelial cells and also binds to mammary 
epithelial cells, it is conceived that the presence of LF in 
the test medium might enhance the potential of LF as a 
bridging molecule between bacteria and MAC-T cells, thus 
increasing adherence. Additionally, differences of intrinsic 
surface properties among S. uteris strains might affect their 
interaction with LF as well as with MAC-T cells. There were 



differences among these S. uberis strains in hydrophobicity . 
Two strains ofoS. uberis were more attracted to hexadecane as 
well as to MAC-T cells than was a third strain of S. uberis. 

The involvement of milk in the adherence of S. uberis to 
MAC-T cells may be more complicated than that of purified LF 
because of the coexistence of other milk components that may 
also play a part in bacterial interactions with epithelial 
cells. For example, our laboratory demonstrated and reported 
that adherence to extracellular matrix proteins, particularly 
collagen, enhanced adherence and internalization of S. uberis 
to bovine mammary epithelial cells and that presence of these 
host proteins up-regulated expression of ligands for collagen. 
Therefore, LF is not the only host protein that binds to S. 
uberis. However, our data indicate specific involvement of LF 
in adherence since addition of rabbit ant i -bovine LF antibody 
significantly decreased adherence of LF or milk-pretreated 
bacteria to MAC-T cells (P<0.01) at dilutions below 1:500 for 
LF and 1:100 for milk. 

The results of these studies indicate that LF functions 
as a bridging molecule between S. uberis and bovine mammary 
epithelial cells and facilitates adherence of this mastitis 
pathogen to the host cells. 



Example 3 Investigation of influence of strain of S. uteris on 
the enhancing effect of LF on adherence and 
internalization to mammary epithelial cells 
To further investigate a possible strain influence on the 
enhancing effect of LF on adherence and internalization to 
mammary epithelial cells, additional studies were conducted. 
In these studies, six strains of S. uteris isolated originally 
from milk of dairy cows with mastitis were used. Bacteria were 
pretreated with LF (ICN, Aurora, OH), 21.4% iron saturation 
and 97.5% protein content, 1 mg/ml) for 1 h at 3 7°C, washed 3 
times with PBS (pH 7.4), resuspended in DMEM and cocultured 
with MAC-T cells for 1 h. After incubation, supernatants were 
removed, monolayers were washed and either lysed with 
trypsin/triton solution to determine total cell associated 
bacteria or treated with antibiotic solution to determine 
internalization of bacteria into mammary epithelial cells. 
For the latter, after 2 h of incubation, antibiotic solution 
was removed, monolayers were washed 3 times with PBS and cells 
were lysed with trypsin/triton solution. Colony forming units 
per ml (CFU/ml) in lysates were determined using standard 
colony counting techniques. Although differences in adherence 
and internalization were detected among strains, addition of 
LF caused significantly greater adherence or internalization 
to mammary epithelial cells of all strains of S. uteris 
evaluated. 



It is conceived that adherence and internalization are 
not two separate independent events. Adherent bacteria are 
quickly internalized through an endocytic-like mechanism, 
where receptors for the "bridging" proteins are recycled and 
exposed in or on the host cell surface. The kinetics of these 
events has been described as a chain reaction where adherence 
promotes internalization. Therefore, higher concentrations of 
the "bridging" protein results in increased adherence that in 
turn leads to increased internalization rather that reversal 
of adherence. Thus, increased binding of LF by S. uteris 
mediated by a lactoferrin binding protein (SUAM) results in 
increased bacterial internalization into mammary epithelial 
cells . 

Thus, it is conceived that, by a mechanism referred to 
herein as "molecular bridging" LF possesses different binding 
domains, a binding domain for the host cell and another 
binding domain for S. uteris (see the schematic presented in 
Figure 2 "Diagram 1") . The interaction between host cell 
receptor and the host -domain region in S. uteris bound LF 
allows contact of the bacterium and host cell surface membrane 
resulting in adherence. The interaction between LF and its 
host cell receptor triggers arrangements on the host membrane 
that initiate the internalization of the bacterium into the 
host cell. 



Example 4 Isolation, purification and N-terminal amino-acid 

sequencing of Streptococcus uteris Adhesion Molecule 
(SUAM) 

A study was conducted to compare potential differences in 
the efficiency of extraction of SUAM with mutanolysin or SDS 
by SDS - PAGE and Western blotting. Four strains of S. uberis 
were used. Bacterial surface proteins from cell pellets were 
extracted from 0.2% SDS in PBS (pH 7.2) following the method 
described by Fang and Oliver (1999) . Each strain of S. uberis 
was grown in THB (Todd-Hewitt Broth) (Difco Laboratories, 
Detroit, MI) at 37°C overnight. After centrif ugat ion, bacteria 
were resuspended in PBS. Bacterial pellets were washed three 
times with sterile PBS, and surface proteins were extracted 
using 0.2% SDS (sodium dodecyl sulfate) (Bio-Rad Laboratories, 
Hercules, CA; 30 mg wet weight of bacteria per 100 /ul of 0.2% 
SDS) for 1 h at 37°C. 

In the mutanolysin extraction method, a modified 
procedure was used. Bacterial cells were suspended (lg/2 ml) 
in 50 mM phosphate buffer (pH 7.2), containing 0.5 M sucrose 
and 10 mg/ml lysozyme (Sigma, St. Louis, MO). The resulting 
suspension was divided into 2 ml aliquots and 250 units of 
mutanolysin (N-acetylmuramidase , Sigma) were added per 
aliquot. The suspension was shaker incubated for 1 h at 37°C. 
Bacteria were pelleted by centrif ugation and supernatants of 
each were removed and stored at -2 0°C. 
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Extracted bacterial surface proteins (10 //g/lane) were 
electrophoresed on 10% SDS-PAGE. Gels were stained with 
Coomassie brilliant blue or transferred onto nitrocellulose 
membrane using Trans-Blot SD Semi -Dry Electrophoretic Transfer 
5 Cell (Bio-Rad) . Unbound sites on blots were blocked with 3% 
casitone. Blots were probed with LF (ICN, 5 ^g/ml) in PBS 
Tween 20 (PBST) containing 0.1% casitone for 6 h at 4°C, 
followed by four washes with PBST. Procedures for further 
probing of blots with rabbit ant i -bovine LF antibody and HRP- 

10 conjugated donkey ant i- rabbit IgG antibody were as described 
previously (Fang and Oliver, 1999) . Blots without probing 
with LF and rabbit anti-bovine LF antibody were included as 
negative controls . 

When surface proteins were extracted with 0.2% SDS 

15 detergent and evaluated by SDS-PAGE, 110 kDa and 112 kDa 

protein bands were extracted more efficiently compared to the 
mutanolysin extraction method. In Western blot analysis, the 
intensity of SUAM bands in SDS extracts, particularly 110 and 
112 kDa, were much stronger than those of mutanolysin 

20 extracts. Results of this study indicate that SDS extracts 
proteins of interest (110 kDa and 112 kDa) more efficiently 
and is a preferred method for SUAM purification and subsequent 
characterization. 
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Example 5 Iron availability influences expression of SUAM 
A study was conducted in which the effect of an iron 
chelator on expression of S. uberis was evaluated. Strains of 
S. uberis were grown either in THB or THB treated with the 
5 iron chelator 2 , 2 -dipyridyl and surface proteins from 

bacterial pellets were analyzed by Western blot using LF as a 
probe and rabbit ant i -bovine LF antibody. Western blot 
analysis showed two major bands of 110 KDa and 112 KDa, 
respectively, with LF-binding activity. In addition, LF- 
10 binding activity decreased in the presence of an iron chelator 
which indicates that iron in the medium influences expression 
of SUAM. 

Example 6 Purification of SUAM 

Thirty ml of PBS (pH 7.4) containing 3 0 mg of SDS- 

15 extracted S. uberis surface proteins were loaded into a bovine 
LF-coupled CNBr-activated Sepharose 4B column. SDS-extracted 
surface proteins were incubated with shaking for 2 h at 4°C 
with 7 ml of Sepharose 4B covalently linked to bovine LF (ICN, 
21.4% iron saturation and 97.5% protein content). The LF- 

2 0 Sepharose 4B slurry was loaded into a chromatography column 
(1.25 cm x 9 cm; total volume 70 ml) (Pfizer, New York, NY) . 
The column was subsequently washed with 10 volumes of TBS (50 
mM Tris-HCl (pH 7.4) + 150 mM NaCl containing 0.1% Triton-X 
100) to remove nonspecific-binding proteins using a 



peristaltic pump at a flow rate of 1 ml/min until absorbance 
at 2 80 nm approached zero. The column was eluted with a 
sodium chloride gradient from 0 . 1 M to 1 M NaCl in TBS . 
Fractions ( lOml/f raction) were analyzed by absorbance at 280 
5 nm, SDS-PAGE and Western blot using rabbit anti-bovine LF 
antibodies and biotinylated LF as probes. Fractions 
containing SUAM were pooled, dialyzed against PBS and stored 
at -70°C until use. 

Analysis of fractions revealed the presence of a protein 

10 in fraction number 14 to 32 eluted at 0 . 5M NaCl . The 

molecular mass was estimated to be - 112 kDa using Gel Scan 
(Corbett Research, Mortlake, NSW, Australia) . Results from 
SDS-PAGE and Western blot analysis indicated that this band 
had LF-binding affinity. The yield of purified SUAM was 20 

15 yug/ml (total 10 ml) from 3 liters of THB-grown S. uberis. 



Example 7 N- terminal amino acid sequence of the 112 kDa SUAM 

Excised PVDF membrane (PerkinElmer Life and Analytical 
Sciences, Inc., Boston, MA) containing -112 kDa SUAM band was 
analyzed. The protein was sequenced on an Applied Biosystems 
2 0 model 477A sequencer (Applied Biosystems, Foster City, CA) 

equipped with on-line PTH analysis using the regular program 
03RPTH. The PTH-derivatives were separated by reverse-phase 
HPLC over a Brownlee C-18 column (220 x 2.1mm). The initial 
yield for the coupling step was calculated from the amount of 



PTH-derivatives present in the first cycle and by the amount 
of protein spotted. As a standard marker for amino acid 
sequence, the repetitive yield from myoglobin was determined 
from peak heights of valine, leucine, and glutamic acid 
according to the positions. The repetitive yield from p- 
lactoglobulin was calculated for leucine, isoleucine, and 
valine residues. The N-terminal amino acid sequence of SUAM 
was DDMTTADQSPKLQGEEA (T/A) L (I/A) (V/K) 

(Seq. ID No. 12) . 

The above procedures were repeated and an identical amino 
acid sequence was obtained. A protein-nucleic acid TBLASTN 
search (NCBI) and Swissprot amino acid data bank search were 
used to align the SUAM -terminal amino acid sequence with 
previously sequenced genes and proteins. No similarities were 
found establishing that the bacterial SUAM protein is a novel 
protein. 

Example 8 Identification of lactoferrin binding proteins in 
Streptococcus dysgalactiae subsp. dysgalactiae and 
Streptococcus agalactiae isolated from cows with 
mastitis (prior art) (described in Park, H. M. , R. 
A. Almeida, and S. P. Oliver, FEMS Microbiol. Lett. 
207:87 (2000)) 
This paper demonstrates the presence of lactoferrin- 

binding proteins in two major bovine mammary pathogens, 
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Streptococcus dysgalactiae subsp. dysgalactiae {S. 
dysgalactiae) and Streptococcus agalactiae. 

Three strains of S. dysgalactiae and five strains of S. 
agalactiae were used to identify lactof errin-binding proteins 
(LBPs) . LBPs from extracted surface proteins were detected by 
polyacrylamide gel electrophoresis and Western blotting. All 
strains of S. dysgalactiae evaluated had 52 kDa and 74 kDa 
protein bands. All strains of S. agalactiae evaluated had 52 
kDa, 70 kDa and 110 kDa protein bands. In addition, a 45 kDa 
band was detected in two of five S. agalactiae strains 
evaluated. This study demonstrated that S. dysgalactiae and 
S. agalactiae of bovine origin contain at least two major 
LBP's. Thus, LBP's are present in several Streptococcus 
species that cause mastitis in dairy cows. 

Example 9 Binding of bovine lactoferrin to Streptococcus 

dysgalactiae subsp. dysgalactiae isolated form cows 
with mastitis (prior art) (Park, H. M. , R. A. 
Almeida, D. A. Luther, and S. P. Oliver, FEMS 
Microbiol. Lett. 208:35 (2000)) 
Three strains of S. dysgalactiae subsp. dysgalactiae (one 
of which is strain ATCC 27957) were used to determine if 
bovine lactoferrin (LF) binds to bacterial cells by biotin 
avidin binding assay (BABA) , enzyme -linked immunosorbent assay 
(ELISA) , and binding inhibition assay. Binding assays 



revealed that all strains of S. dysgalactiae subsp. 
dysgalactiae (S. dysgalactiae) evaluated in this study bound 
to LF, although some differences in LF binding capability 
among strains and between methods used were detected. Binding 
of LF was not inhibited by transferrin (TF) and LF moiety 
molecules (mannose, galactose, and lactose) but by LF. This 
study demonstrates that S. dysgalactiae binds to bovine LF in 
a specific manner. 

Example 10 Production of antibodies against SUAM (whole 

protein) and to a synthetic peptide (pepSUAM) 
encompassing 15 amino acids near the N-terminus of 
SUAM. 

SUAM antibodies were needed to test the biological role 
of SUAM on adherence to and internalization of S. uteris into 
bovine mammary epithelial cells, and to test protective 
effects of SUAM antibody on these in vitro approaches. To 
obtain antibodies, purified SUAM as described in Example 6 was 
sent to Quality Bioresources Inc. (QBI, Seguin, TX) for custom 
antibody production. For production of antibodies against 
SUAM, -3 00 jug of purified protein was used to immunize two 
rabbits. For production of antibodies against SUAM-derived 
peptide (pepSUAM) , Bethyl Laboratories, Inc. (Montgomery, TX) 
synthesized the selected peptide based on the N-terminal amino 
acid sequence MTTADQSPKLQGEEA (Seq. ID No. 4) . 
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All peptides were HPLC purified and conjugated to KLH for 
immunization. PepSUAM induced a high immune response with 
production of immunologic response which yielded 2 0 mg of 
affinity purified antibody. 



5 Example 11 Cross-reactivity of pepSUAM and SUAM antibodies 

with several strains of S. uberis. 
To ensure that SUAM is not a rare protein found only in 
one strain of S. uberis, and that research or prophylactic 
products developed will have broad significance, several 
10 strains of S. uberis from diverse locations were tested by 
Western blotting. Strains evaluated were from Tennessee, 
Colorado, Washington and New Zealand. The different S. uberis 
strains were cultured overnight in Todd Hewitt broth and 
surface proteins were extracted in Laemmli sample buffer. 
15 SDS-PAGE polyacrylamide gels (7.5%) were electrophoresed 

followed by transfer to nitrocellulose membranes. They were 
blocked in PBSTG (phosphate buffered saline, 0.0 5% 
(v/v) Tween-2 0 , and 0.1% (w/v) porcine gelatin) for 1 h. 
Affinity purified rabbit anti-pepSUAM and rabbit anti-SUAM 
20 antibodies were diluted in PBSTG (1:2000) and blots treated 

for 1.5 h. Following washing of blots with several changes of 
PBST, a 1:2000 dilution in PBSTG of peroxidase- conjugated 
affipure F(ab')2 fragment donkey anti-rabbit IgG (H+L) was 
applied. The SUAM protein band was revealed with the 



peroxidase substrate 4CN (4-chloro-l-naphthol) . The presence 
of a single dominant band on a blot of total S. uteris 
detergent extracted surface proteins attests to the 
specificity of the antibodies. The 112 kDa SUAM protein band 
is clearly visible. These results establish that SUAM is a 
ubiquitous protein in S. uteris strains and that pepSUAM may 
play a role as a universal immunogen to protect against S. 
uteris mastitis. 

Example 12 Cross-reactivity of pepSUAM and SUAM antibodies 

with S. agalactiae, S. dysgalactiae subsp. 
dysgalactiae, and Streptococcus pyogenes. 
Cross-reactivity of rabbit anti-SUAM whole protein 
antibodies and rabbit ant i -pepSUAM antibodies between 
different Streptococcus species was investigated. Strains of 
S. dysgalactiae subsp. dysgalactiae, S. agalactiae (from 
animals and humans) , and Streptococcus pyogenes were cultured 
overnight in Todd Hewitt broth and bacterial surface proteins 
were extracted in Laemmli sample buffer. SDS-PAGE 
polyacrylamide gels (7.5%) were electrophoresed followed by 
transfer to nitrocellulose membranes. They were blocked in 
PBSTG (phosphate buffered saline, 0.05% (v/v) Tween-20 , and 
0.1% (w/v) porcine gelatin) for 1 h. Affinity purified rabbit 
ant i -pepSUAM and rabbit anti-SUAM antibodies were diluted in 
PBSTG (1:2000) and blots treated for 1.5 h. The next 



treatment after washing blots with several changes of PBST was 
a 1:2000 dilution in PBSTG of peroxidase -conjugated affipure F 
(ab') 2 fragment donkey anti-rabbit IgG (H+L) . The SUAM 
protein band was revealed with the peroxidase substrate 4CN 
(4-chloro-l-naphthol) . Western blot results showed cross 
reaction of pepSUAM and SUAM antibodies with proteins of other 
Streptococcus species, including the human pathogen S. 
pyogenes. The cross reaction with other proteins or protein 
fragments indicates that SUAM and its functions are conserved 
or partially conserved between Streptococcus species and that 
a vaccine based upon SUAM would have broad application. 

Example 13 Inhibitory effect of SUAM and pepSUAM 

antibodies on adherence and internalization of 
S. uberis to bovine mammary epithelial cells. 
Two strains of S. uberis isolated from cows with clinical 
mastitis were incubated with increasing concentrations of SUAM 
and pepSUAM antibodies, co- cultured with bovine mammary 
epithelial cells and adherence of S. uberis to and 
internalization of S. uberis into mammary epithelial cells 
measured. 

A bovine mammary epithelial cell line (MAC-T) was used. 
MAC-T cells were cultured in cell growth medium (CGM) in 24- 
well plates and incubated in 5% C0 2 /balance air at 37°C. 
Monolayers were checked daily for confluence. 



Two S. uberis strains isolated from cows with mastitis 
were used. For adherence and internalization assays, bacteria 
stored at -70°C were thawed in a 37°C water bath, streaked onto 
blood agar plates, and incubated for 16 h at 3 7°C. Bacteria 
5 were then inoculated into Todd-Hewitt broth (THB, Difco, 
Detroit, MI) for 2 h at 37°C. Bacterial suspensions were 
diluted in CGM to a concentration of 10 7 bacteria per ml. 

Each of the two strains of S. uberis was preincubated 
with several dilutions of SUAM and pepSUAM antibodies for 1 h 

10 at 37°C. After incubation, bacterial suspensions were washed 
three times to remove unbound antibodies and co-cultured with 
MAC-T cells for 2 h at 37°C in 5% C02 : 95% air (vol/vol) . In 
order to enumerate bacteria associated with MAC-T cells 
(adherent + internalized bacteria) , MAC-T cells were washed 3 

15 times to remove unbound bacteria and lysed with trypsin and 
triton. MAC-T cell lysates were 10-fold serially diluted, 
seeded in triplicate on blood agar plates, and incubated 
overnight at 37°C. After incubation, individual colonies were 
counted and expressed as colony forming units per ml (CFU/ml) of 

2 0 S. uberis. 

In order to discriminate between S. uberis that adhered to 
the MAC-T cell surface from those that were internalized into 
MAC-T cells, an internalization assay was performed in parallel 
wells and under the same culture conditions as described for the 
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adherence assay. The internalization assay was similar to the 
adherence assay with the exception that an antibiotic treatment 
directed to destroy bacteria that were not internalized was 
performed before lysing MAC-T cells. Following this, MAC-T 
cells were washed extensively, lysed as described before, and 
bacteria that were internalized were enumerated as described for 
the adherence assay. The number of adherent bacteria was 
calculated by subtracting the number of internalized bacteria 
from MAC-T cell-associated bacteria. 

Pretreatment with SUAM (Fig. 1 A&B) or pepSUAM (Fig. 1 
C&D) antibodies reduced adherence and internalization of S. 
uteris to mammary epithelial cells. The greatest adherence and 
internalization of S. uteris was observed when S. uteris was not 
pretreated with SUAM or pepSUAM antibodies. The lowest 
adherence and internalization of S. uteris was detected when 
higher concentrations of antibodies were used. Figure 1 A-D 
show a dilution effect on adherence and internalization, which 
confirms the inhibitory effect of SUAM and pepSUAM antibodies 
on adherence to and internalization of S. uteris into MAC-T 
cells . 

Results from this experiment showed the inhibitory effect 
of SUAM and pepSUAM antibodies on adherence and internalization 
of S. uteris into MAC-T cells and indicate the value of SUAM and 
pepSUAM as immunogens for controlling this economically 
important disease of dairy cows. 



Example 14 Theoretical elucidation of SUAM DNA sequence 

and confirmation by PCR and restriction digest. 
Theoretical elucidation of the DNA sequence from the 
pepSUAM amino acid sequence permitted DNA synthesis of the 
SUAM gene using PCR techniques. The pepSUAM amino acid 
sequence (MTTADQSPKLQGEEA) (Seq. ID No. 4) was used to search 
a S. uteris genomic database (Wellcome Trust Sanger Institute) 
to identify a single fragment of the genome, also known as 
"contig", that matched the DNA sequence of pepSUAM amino 
acids. The match for pepSUAM was 100% for this DNA contig and 
this was the only match of this quality in the entire existing 
S. uteris genomic database. From this DNA contig, several PCR 
primers were designed and used in PCR reactions to obtain a 
unique DNA fragment. Subsequent analysis of this PCR fragment 
showed physical and DNA sequence characteristics similar to 
that of the elucidated SUAM gene. These results indicate that 
a unique and single gene of the S. ujberis genomic sequence is 
responsible for coding SUAM and that we generated unique PCR 
primers and defined PCR conditions for the synthesis of SUAM. 

Using the ExPASy Home Page Translate Tool (Swiss 
Institute of Bioinf ormatics) , the S. uteris genomic contig DNA 
sequence was translated to amino acid sequences, in all 
possible reading frames. Only one of the six possible 
translations contained an open reading frame (an area without 
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stop codons) long enough to code for the S. uteris protein. 
This sequence was checked using a BLAST search against the 
entire National Center for Biotechnology Information (NCBI) 
genomic database and appears to be unique, with only partial 
5 segments showing homology. 

The sequence shown in Figure 3 is the hypothetical SUAM 
gene sequence with some additional sequence included before 
and after, 3,041 nucleotides. This sequence is designated as 
Seq. ID No. 1. The coding region for the N- terminal sequence 

10 begins at nucleotide 311 and ends at 376 (underlined) . The 
coding region for the peptide used to generate antibody is 
from nucleotide 317 to 3 60 (bold) . The open reading frame, 
i.e. gene, ends at the stop/termination codon represented by 
TAA, nucleotides 2837 to 2839. 

15 Figure 4 shows the translation of the nucleotide sequence 

of Seq. ID No. 1 in the correct reading frame. This amino 
acid sequence is designated Seq. ID No. 2. The N-terminal 
sequence segment is underlined and the peptide used to 
generate the antibody to pepSUAM is underlined and bold. The 

2 0 end that corresponds to the above sequence (bold TAA in Figure 
3) is marked by the dash following the bold GKK, which would 
be coded for by GGCAAAAAA. 

This selected coding region was used to design primers 
for its amplification by PCR. Three separate pairs of primers 

25 that bound to six individual sites were designed to generate 
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three slightly different fragments from this same gene. These 
primers successfully generated PCR products of the predicted 
length. This provides very strong evidence that this gene is 
present in the strain of S. uteris {S. uberis UT888) from 
5 which the S. uberis protein (SUAM) was purified and the N- 
terminal peptide sequence was determined. One of these 
primers was homologous to the coding region for the N- terminal 
sequence providing further support that the correct gene was 
amplified. 

10 In an effort to determine additional amino acid/protein 

and nucleic acid/DNA sequence, three independent pairs of PCR 
primers were designed from the S. uberis genomic database 
sequence, contig subll4a06. 
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Table 1: Name, nucleotide composition and expected PCR product 



size . 



NAME 


PRIMER 


SEQ 

T "Pi 

ID 
NO. 


PRODUCT 

O 1 ZjCj 


LFbpDL5 forward 


5'- GTC ATT TGG TAG GAG TGG CTG - 
3' 


6 


2, 970 bp 


LFbpDLSreverse 


5*- TGG TTG ATA TAG CAC TTG GTG AC 
- 3' 


7 


2, 970 bp 










LFbpDL7 forward 


* 5'- GGA TGA CAT GAC AAC TGC TGA 
TC - 3* 


8 


2, 63 9 bp 


LFbpDL8 reverse 


5'- CAA TTG TCA GCA CGT CTC TGT AC 
- 3' 


9 


2, 63 9 bp 










LFbpDL9 forward 


5'- CTT GGA ACT GGT GTT GGT ATG G 
- 3' 


10 


2,561 bp 


LFbpDLlOreverse 


5'- CAG GTG TTA CTT CAG GTG CTA C 
- 3' 


11 


2, 561 bp 



* pepSUAM coding region. 



5 PCR reaction was run using an iCycler (BioRad) and conditions 
used were : 

Cycle 1: (IX) Step 1: 95°C for 2 min 
Cycle 2: (30X) Step 1: 94°C for 30 sec 
Step 2: 94°C for 30 sec 
10 Step 3: 68°C for 3 min 

Cycle 3: (IX) Step 7: 68°C for 7 min 
Cycle 4: (IX) Step 7: 4°C holding 



Reactions components used were as follows: 

Primer forward: 0.5 jM. 
Primer reverse : 0.5 juM 
Genomic DNA template: 0.5 /zg 
5 dNTP's: 200 fM each 
MgCl 2 : 1.5 mM 
Tag polymerase: 0.825 U 

PCR fragments obtained corresponded to the expected 
theoretical product size (Table 1) . These results indicate 
10 that the PCR fragments obtained show a high degree of 
similarity with the theoretical SUAM gene. Further 
confirmation was done to compare the restriction enzyme map of 
the PCR fragments with the corresponding theoretical SUAM 
sequence . 

15 Restriction Digest Confirmation: The longest PCR 

product of 2,970 bp, which includes a start and stop codon and 
therefore represents the entire gene, was further processed to 
confirm the specificity of the PCR reaction and further 
characterize the S. uteris SUAM gene. Restriction enzyme 

20 digestion cuts DNA at specific locations that are recognized 

by the different enzymes based upon their nucleotide sequence. 
The entire gene sequence was analyzed using NEBcutter at the 
New England BioLabs web site. Three restriction enzymes, Bel 
I, Hpa I, and Nla III were chosen based on their ability to 

25 recognize specific sequence sites that when cut would generate 
distinctly identifiable fragments. 
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Table 2: Restriction enzymes, site of digestion (coordinates) 
and expected length of digested DNA. 



Enzyme 


Coordinates (bp #) 


Length (bp) 


Bel I 


329-2632 


2304 


Bel I 


2633-3041 


409 


Bel I 


1-328 


328 


Hpa I 


1625-3041 


1417 


Hpa I 


1-1204 


1204 


Hpa I 


1205-1624 


420 


Nla III 


1580-3041 


1462 


Nla III 


320-1367 


1048 


Nla III 


1-319 


319 


JVla III 


1368-1579 


212 



Digestion of the 2,970 bp PCR fragment generated the 
5 expected patterns (lower molecular weight products were not 
clearly detected due to detection limits, as would be 
expected) . The combined results of six primer binding sites 
and 10 restriction cut sites by 3 enzymes confirmed that PCR 
fragments have a restriction pattern similar to that of the 
10 theoretical SUAM sequence (Fig. 3, Seq. ID No. 1). These 

results, together with those from PCR reactions using several 



primer combinations, indicate that the PCR generated DNA 
fragment is similar to the theoretical SUAM nucleic acid 
sequence . 

Example 15 DNA Sequencing of SUAM 

The SUAM gene was amplified, cloned and sequenced from 
the mastitis pathogen S. uberis strain UT 888. The results of 
this sequencing were that S. uberis SUAM has 99% sequence 
identity to the theoretical SUAM gene identified in the Sanger 
S. uberis genomic database by homology to the reverse 
translated peptide sequence described in Example 14. 

The 2,970 bp PCR amplicon encompassing the SUAM gene was 
generated with primers LFbpDLS forward and LFbpDL6 reverse shown 
in Table 1 in Example 14 (Seq ID Nos . 6 & 7) . The product was 
gel purified from a 1.2% SeaPlaque GTG agarose gel 
(BioWhittaker Molecular Applications, Rockland, ME) with the 
QIAEX II gel extraction kit (Qiagen Inc., Valencia, CA) . The 
cloning into plasmid pCR-XL-TOPO of the purified amplicon was 
by the interaction of nontemplate-dependent polymerase 
generated adenine (A) , overhangs of the amplicon and thymine 
(T) , and overhangs of the vector. A mixture of recombinant 
Tag polymerase and Pyrococus DNA polymerase was used to 
minimize polymerase reading error (Invitrogen, Carlsbad, CA) . 
Chemically competent Escherichia coli, TOP 10 cells, were 
transformed and selected on Luria-Bertani agar with 50 |ag/ml 
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kanamycin (Invitrogen, Carlsbad, CA) . The positive clone was 
confirmed by isolation of the plasmid, (Wizard Plus SV 
miniprep DNA purification system; Promega, Madison, WI) , re- 
amplification of the insert, and digestion with restriction 
5 enzymes (New England BioLabs, Inc., Beverly, MA) based upon 
restriction sites picked from the theoretical sequence. 

Confirmation of the theoretical sequence (The Wellcome 
Trust Sanger Institute, Hinxton, Cambs, UK) and determination 
of the actual sequence from S. uteris 888 was accomplished by 

10 automated DNA sequencing (Molecular Biology Resource Facility, 
The University of Tennessee, Knoxville, TN) of the plasmid in 
the region of insertion in both a forward and reverse 
direction to sequence both strands. The first primers were of 
known sites on the plasmid; M13 forward and M13 reverse, with 

15 subsequent primers (Integrated DNA Technologies, Coralville, 
IA) being chosen from the 3' end of the determined nucleic 
acid code. Four rounds of sequencing yielded enough DNA 
sequence code to transverse the insert in each direction. 
Sequence contig assembly was performed with the aid of the 

20 software Sequencher ver. 4.0.2 (Gene Codes Corporation, Ann 
Arbor, MI) . 

As each forward and reverse contig was assembled, the 
overlapping regions provided a quality control check for 
sequencing error. When the forward and the reverse assembled 
25 contigs were compared, this provided an additional quality 



control check. There were at least two and often more 
sequencing reactions used for each position in the final 
nucleic acid sequence. Final comparison and confirmation of 
the theoretical database sequence, and actual S. uteris UT 888 
sequence were made with BLAST 2 SEQUENCES, BLASTN ver. 2.2.5 
(National Center for Biotechnology Information, Bethesda, MD) . 
Results of this alignment were: Identities = 2948 
(theoretical)/ 2970 (actual) or 99% similarity. 

The complete SUAM DNA sequence is presented in Fig. 5 and 
is designated Seq. ID No. 5. The complete SUAM gene DNA 
sequence did not show homology with other S. uteris genes 
reported in the Sanger S. uteris genomic database. This 
indicates that the SUAM gene codes for a unique S. uteris 
protein. 

The amino acid sequence encoded by the SUAM DNA sequence 
of Seq. ID No. 5 is presented in Figure 6. Polypeptide 
fragments encoded by the DNA Sequence of Seq. ID No. 5 are 
shown in Seq. ID Nos . 13 to 17, respectively, in order of 
appearance in Figure 6. In Figure 6, the presence of three 
sequential asterisks (***) indicates the position of a stop 
codon in the nucleotide sequence of Seq. ID No. 5. The 
underlined portion of amino acid sequence of Figure 6 
represents the N- terminal sequence of the SUAM protein. The 
underlined and bold portion of the sequence of Figure 6 
represents pepSUAM. 
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The SUAM polypeptide is shown in Seq. ID No. 15, 
preferably from amino acids 64 to 905 and most preferably from 
amino acids 66 to 905. The pepSUAM polypeptide is shown in 
Seq. ID No. 15 at amino acids 66 to 80. 
5 The terms and expressions which have been employed in the 

foregoing specification are used as terms of description and 
not limitation, and there is no intention that the use of such 
terms and expressions excludes equivalents of the features 
shown and described above. Further modifications, uses, and 
10 applications of the invention described herein will be 

apparent to those skilled in the art. It is intended that 
such modifications be encompassed in the following claims. 



